Mouse polyclonal antisera were raised to the
Desmosomes are characteristic adhesive junctions of epithelial cells. Their protein and glycoprotein components and antigenic properties have been described in a series of recent publications (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . In desmosomes isolated from bovine nasal epithelium, two of the major components are a pair (sometimes a triplet) of glycoproteins having Mrs of 130,000 and 115,000 (4) . These glycoproteins are immunologically related and have similar, but not identical, amino acid and carbohydrate compositions (9) . We have suggested that these glycoproteins are directly involved in intercellular adhesion in the desmosome because (i) they are located on the surface of living Madin-Darby bovine kidney (MDBK) and canine kidney (MDCK) cells and normal and transformed human keratinocytes (11, 12) and (ii) Fab' fragments of antibodies directed against them inhibit the formation of antibodystainable desmosomal plaques in MDBK cells (11) . To denote their adhesive role, we have termed them desmocollins I and II (Greek 8eoalios = link; KoAXa = glue) (11) . They also have been referred to as bands 4a and 4b (3) and as desmoglein Ha and IDb (5) .
Desmosomal components are widely distributed and conserved between different tissues and animal species (6, 7) . Immunoblotting studies have shown that the desmosomal glycoproteins are more variable in molecular weight, heterogeneity, and antigenic crossreactivity than are the desmosomal proteins (13, 14) . This glycoprotein variability does not seem to be significant in relation to desmosomal adhesion, however, since mutual desmosome formation takes place in tissue culture between cells from human, bovine, canine, avian, and anuran amphibian sources (15), suggesting conservation of the adhesive recognition mechanism of desmosomes.
In seeking to study the mechanism of desmosomal adhesion, we have raised monoclonal antibodies to the desmocollins (to be described elsewhere). The sera derived from some of the mice immunized for hybridoma production showed novel properties, however, and these form the subject of our present paper. Unlike any of the other antibodies to desmosomal components so far described, these antisera appeared, on fluorescent staining of bovine nasal epithelium, to distinguish between the basal and suprabasal cells of epidermis, reacting specifically with the latter. Since this observation appeared to be significant in relation to epidermal differentiation, the properties of these sera were investigated further. In addition, the present antibodies stained human arachnoid and are used in this study to investigate the staining of intracranial meningiomas.
MATERIALS AND METHODS
Production of Antibodies. Mouse antibodies to the desmocollins were prepared essentially as described for guinea pigs (6) . Mice were given 3 injections. (i) 100 ,g of protein mixed 1:1 with Freund's complete adjuvant given intraperitoneally, followed 8 weeks later by (ii) 100 ,ug of protein mixed 1:1 with Freund's incomplete adjuvant given intraperitoneally, followed 4 weeks later by (iii) 50 ,g of protein only given intraperitoneally. The animals were bled 3 days later. Guinea pig anti-desmosomal antibodies used here were as described and characterized previously (6, 13) .
Antibodies to laminin were prepared in the following way. Purified laminin (Bethesda Research Laboratories, GIBCO Limited, U.K.) was dissolved in phosphate-buffered saline (0.8% NaCl/0.02% KC1/0.02% KH2PO4/0.12% Na2HPO4, pH 7.4) at 4°C to a concentration of 0.4 mg/ml. Rabbits were injected intramuscularly with 0.2 mg of laminin mixed 1:1 with Freund's complete adjuvant. This was followed 8 weeks later by intramuscular injection of0.2 mg oflaminin mixed 1:1 with Freund's incomplete adjuvant. The rabbits were bled 4 weeks later. This antibody is used as a marker for the basal lamina in Fig. 2 b and d .
Immunoblotting. Antibodies were characterized by immunoblotting as described (13 ting on desmosomal cores (2) from bovine nasal epithelium. Antisera from three mice were used in this study. Each reacted specifically with the two desmocollin bands (Fig. 1) and showed no crossreactivity with other desmosomal components. Furthermore, none ofthe antisera showed reactivity with cytokeratin. However, as a precautionary measure, all antisera were absorbed with cytokeratin before fluorescent staining (3). The guinea pig anti-desmocollin antiserum reacted with the same desmosomal components as did the mouse antisera (Fig. 1, lane d) .
Fluorescent Antibody Staining of Epidermis. Frozen sections of bovine nasal epithelium and human skin were stained by indirect immunofluorescence. Specific antisera against desmocollins, as well as antisera against other desmosomal components, raised in guinea pigs and rabbits stained the entire epidermis, including the basal layer (stratum ger- (Fig. 2 c  and d and Fig. 3b) . However, the three mouse antisera stained only the suprabasal layers, leaving the basal layer unstained (Fig. 2 a and b and Fig. 3a) . The interface between the first layer of suprabasal cells and the basal cells was also stained by these sera. Antisera obtained from other mice immunized against the same antigen stained all layers.
Staining of Cultured Keratinocytes. Human foreskin keratinocytes maintained in medium containing low calcium (0.1 mM) remain as a monolayer and fail to differentiate. When the calcium concentration is raised to physiological levels (1.8-2 mM), rapid desmosome formation occurs, followed by stratification and cell differentiation (16) (17) (18) . Guinea pig anti-desmocollin antibodies stain the surface of living keratinocytes in both low-and normal-calcium media (12) . Furthermore, cells which are about to stratify can be identified in the monolayer by staining for the cytoplasmic protein, involucrin (19) . Mouse anti-desmocollin antisera specific for suprabasal epidermal cells gave no staining of keratinocytes in low-calcium medium, nor did they stain cells up to 6 hr after increase in calcium concentration, by which time the first signs of stratification were evident. Furthermore, they did not recognize involucrin-positive cells within the monolayer. However, after stratification had been allowed to proceed for 48 hr, the antisera stained the living keratinocytes in the same pattern as did guinea pig anti-desmocollin antisera (Fig. 4) .
Survey of Fluorescent Antibody Staining of Different Tissues. Guinea pig polyclonal antibodies against all desmosomal components stain a wide variety of tissues from different vertebrate animal species (7). Mouse anti-desmocollin antisera specific for subrabasal epidermis are much more selective. A survey of many epithelial tissues of human, bovine, and rat origin showed these antisera to be specific for suprabasal epidermal cells and the arachnoid layer of the meninges (Fig. Sa) . No reactivity with any other tissue was encountered (Table 1) .
Meningiomas. Since there is no specific marker for meningiomas, we tested the ability of the antisera to stain these tumors. In common with other desmosomal antibodies, they were found to stain frozen sections of meningiomas in a punctate fashion (Fig. 5b) . Of the 12 meningiomas, 3 show restricted tissue crossreactivity. They distinguish between basal and suprabasal layers of epidermis and stain no other tissues except meninges. Cowin et al. (7) showed that guinea pig anti-desmocollin antisera stained the epidermis of vertebrate species from man to frog with equal intensity but gave much weaker staining of nonepidermal epithelia. This suggested that there are antigenic differences between desmocollins of epidermal and nonepidermal epithelia. Our present results demonstrate such a difference conclusively. Furthermore, they demonstrate that there is also an antigenic difference between the basal and suprabasal layers of epidermis. Whether this difference is due to the absence of a determinant or masking of a determinant in the basal layer remains to be elucidated.
In 1964, Listgarten (21) reported slight differences in ultrastructure between the desmosomes of basal and suprabasal skin cells. More recent studies have concluded, however, that the most striking difference between desmosomes in the basal, spinous, and granular layers of epithelia is quantitative rather than qualitative: in the basal layer, desmosomes are fewer than in the more superficial strata (22) (23) (24) (25) (26) (27) (28) (29) (30) . In fact, desmosome morphology appears to become markedly altered only as granular cells change into keratinized squame cells (29) . Thus, the antigenic difference that we have discovered does not correlate with any obvious variation in desmosomal ultrastructure.
There are desmosomes at the interface between basal and suprabasal cells, and staining for suprabasal desmocollins was found at this interface. Since the two halves of a desmosome are contributed by the two adhering cells, this means either that basal cells possess antigenically different desmocollins on their apical and lateral surfaces or that desmosomal adhesion between basal and suprabasal cells involves antigenically distinct molecules. If we assume that the molecular difference is a consequence of cellular differentiation in the suprabasal cells, the latter of these two possibilities seems more likely. This interpretation is supported by the finding that cultured keratinocytes acquire reactivity with the antibody only after stratification. This would mean that, whatever the nature of the chemical difference between the molecules, it is not related to the function of adhesive recognition: basal and suprabasal cells contribute chemically distinct desmocollin molecules to opposite halves of their mutual desmosomes. This is not unreasonable because it has been shown that mutual desmosome formation can take place between cells ofdifferent tissues and species (15, 31) , even though the desmosomal glycoproteins differ in molecular weight, heterogeneity, and antigenic crossreactivity (13) . Giudice et al. (14) have also reported antigenic differences between desmosomal glycoproteins from bovine nasal, corneal, and esophageal epithelia.
Epidermis is a dynamic tissue in which there is a rapid loss and renewal of cells. Changes in cell-cell contact would seem to be required in order to allow migration of cells upwards from the basal layer. We have suggested that desmosomal breakdown and reformation may play a role in this (12) , and it is possible that differences between basal and suprabasal desmocollins are significant in this regard: the desmosomes of basal cells may be more labile than those of suprabasal cells. (32, 33) . Involucrin synthesis also provides a differentiation marker; in frozen sections ofskin, it is not seen in the basal layer but begins several layers above it (34) (35) (36) . The distribution of keratinocyte-specific transglutaminase corresponds with that of involucrin (37) . In contrast, the liver cell adhesion molecule (L-CAM) is present only in the basal layer of epidermis (38 (40) . These cells also stain with the mouse antisera, demonstrating that their desmocollins possess in common with suprabasal skin cells an antigenic determinant(s) that appears to be exclusive to these two cell types. The biological significance of this observation is obscure, but it could be important in relation to the histogenesis of the meninges, which is a controversial area (41) . The antisera also stained 11 
